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The invention relates to a method of irradiating a layer including: directing 
and focussing a radiation beam to a spot on said layer by means of at least one optical 
element; causing relative movement of the layer relative to said at least one optical element 
so that, successively, different portions of the layer are irradiated and an interspace between a 
5 smface of said at least one optical element nearest to said layer is maintained; and 

maintaining at least a portion of said interspace through which said radiation irradiates said 
spot on said layer fiUed with a liquid, the Uquid being suppUed via a first supply conduit. 



10 In several embodiments of liquid immersion in dynamic systraos, liquid 

innnersion is maintained through continuously supplying Uquid. An example is illustrated in 
Figure 1. A liquid film is maintained between the lens and the object by constantly supplying 
liquid through a first supply conduit, e.g. a hole, just upstream of the immersion lens at a 
sufficientiiy high pressure to avoid gas inclusion. The moving surfece pulls the liquid to the 

1 5 image field, herewith ensuring the imagmg field to be immersed. Even thougji with a carefiil 
design of the iimnersion system liquid flow can be kept low, still continuously liquid is 
suppUed. For stable continuous operation, it is advisable to remove the liquid. In WO-A- 
02/13194 (PHNL000435) a specific embodiment of a system is proposed to remove the 
liquid, related to liquid immersion mastering of optical discs. However , this removal system 

20 has several disadvantages. In this invention disclosure an improved system is proposed 
suitable for the liquid removal in dynamic Uquid immersion imaging in general. 



The key problem in Uquid removal of thin Uquid fihns on moving substrates is 
25 to break up the adhesive forces. Whaa the substrate moves fast (over about 0.5 m/s) this 
break-iq) requires large forces. The surfece of the substrates, however, usuaUy is very 
deUcate, often a soft resist layer. The removal sj«tem should be careftilly designed m order 
not to damage the surface. Imaging systems such as wafer steppers and optical disc mastering 
equipment usuaUy are very sensitive to mechanical disturbances. Two phase flow of Uquid 
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and gas, which is diffictdt to avoid in dynamic liquid immersion systems usually is 
accompanied by mechanical disturbances. These disturbances should be minmaized in the 
liquid removal system. 

The mechaniacn proposed to remove the thin liquid fihn without damaging the 
5 surface and minimizing mechanical disturbances is illustrated in Figure 2. Gas is pumped 
through a second supply conduit, e.g. a slit, at a pressure suflSciently high to have a net gas 
flow in the direction opposite to the direction of movemCTt of tiie substrate (viewed &om the 
liquid removal system). This gas flow pushes the liquid from the disc. The liquid than is 
removed through a drainage conduit, e.g. a vacuum channel located just upstream. The gas 
10 flow and thus herewith disturbances can be reduced by reducing the height of the slit. A 

flying height of smaller than 2 \xm will be unpractical. More than 100 will result in very 
high gas flows. Typical values will be around 10 jjim. The capacity of the vacuum chaimel 
should be larger than the water and net upstream gas flow to avoid chaotic splashing. The 
height of the vacuum chamiel should not be too large and the width of the vacuum chamiel 
15 should not be too large to have efficient suction of the liquid into this channel. The 

appropriate choices highly depend on tiie exact systCTi. In the direction pCTpendicular of the 
movement of the substrate and in the plane of the substrate, the slit and vacuum channel 
should be at least the size of the liquid film. Putting the gas supply hole close to the vacuum 
channel can reduce the required gas pressure. Additional advantage of this system is that 
20 most non-sticking particles will be rCTioved too. 

To encompass this mechanism in a dynanaic liquid imaging system, the liquid 
removal mechanism presented above should be: 

kept at a constant and short height above the substrate; 
downstream compared to the objective lens. 
25 The constant and low flying height may be achieved by mounting the 

proposed mechanism to an air bearing. Provided that the substrate is sufficiently flat, a 
constant and low height can be maintained, without damaging the surface. The proposed 
mechanism even can be integrated within the air bearing, utilizing the high-pressure chaimel 
of the air bearing to push of the liquid from the surface. 
30 la general, the substrate may move in any direction compared to the objective 

lens. To put the liquid removal system upstream for all directions of movement it can be put 
around the objective lens as illustrated in Figure 3. Then, the system can be mounted rigidly 
to flie lens, herewith automatically ensuring that the flying height is kept constant To avoid 
mechanical vibrations in the liquid removal system to be transferred to the objective lens, it 
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maybe advisable to only have a weak connection. Then again an option is to maintain the 
flying height though an air bearing. 
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CLAIM: 



1 , A method of irradiating a layer including: 

directing and focussing a radiation beam to a spot on said layer by means of at 
least one optical element; 

causing relative movement of the layer relative to said at least one optical 
5 element so that, successively, different portions of the layer are irradiated and an interspace 
between a sxirface of said at least one optical element nearest to said layer is maintained; and 

maintaining at least a portion of said interspace through which said radiation 
irradiates said spot on said layer filled with a liquid, the liquid being supplied via a first 
supply conduit; 

1 0 characterized in that gas is pumped through a second supply conduit at a 

pressure sufficiently high to cause a net gas flow in the direction opposite to the direction of • 
relative movement of the layer in order to remove the liquid from the layer through a 
drainage conduit. 
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ABSTRACT: 



Liquid immersion in dynamic systems, such as wafer steppers in optical 
lithogi^hy and mastering machines in optical disc manufacturing may be accompanied by a 
continuous supply of liquid. For stable operation the liquid also has to be removed. In this 
invention, a mechanism and several anbodiments are presented to remove the liquid. 

5 

Fig. 2 
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Cross^ectlon 




Water inlet 



Moving substrate 
Bottom view 




Figure 1: Liquid immersion in dynamic systems 
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Vacuum channel Gas inlet 

t i 




Moving substrate 

Figure 2: Mechanism for liquid removaL 
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Cross-sectioa 




Figure 3: Implementation around objective lens. 
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